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Abstract: This research investigates whether acquisition angle affects depth determination in 
shallow coastal areas using multispectral imagery.  WorldView-2 (WV-2) data are used. 




Satellite remote sensing of coastal areas benefits a number of groups, including scientists and military organizations 
by allowing them to “see” geographic locations from a synoptic view and estimate water depth.  Previous authors 
have explored this issue and developed methods that estimate depth values and also bottom type [1]. 
These bathymetric estimates make use of the exponential decay in the intensity of light with depth, with 
numerous assumptions about bottom and surface reflectance.  Various techniques have been validated using single 
images, generally from near-nadir views.  The goals of this research are to determine the role image acquisition 
angle plays in depth using multispectral data, and to test the viability of the assumptions that go into exploiting 
single images.  Two view angles of WorldView-2 (WV-2) data acquired on 30 July 2011 over Oahu, Hawaii are 
used to illustrate the approach that will be used to analyze a total of 39 images acquired with varying view angle and 
to demonstrate initial results. 
We describe methods used to prepare multi-angle images for analysis, a selected depth determination algorithm, 
and analysis results for data acquired at two different acquisition angles. 
 
2. Study Area and Data Collection Parameters 
 
This study focuses on sites in Kailua Bay, located on the windward side of the Oahu coastline of Hawaii (Fig. 1).  
Kailua Bay is a carbonate reef-dominated embayment.  At the center of the bay is a sand-floored channel, that cut 
across the reef and connects the seaward and nearshore sand fields.  There is less submarine topography north of the 





Fig. 1. Google Earth view of Hawaii (left) and Kailua Bay (right, circled in yellow within the larger red circle) 
 
2.1. Multispectral Imagery 
 
WorldView-2 (WV-2) data from DigitalGlobe are used for this research.  The spectral range covered is from 400 nm 
to 1040 nm.  WV-2, in addition to the usual four Red, Green, Blue, and Near-Infrared (NIR) bands, also has four 
extra bands.  These include bands designated as “Coastal” (a shorter wavelength blue), “Yellow,” “Red Edge” (on 
the edge of the vegetation IR plateau), and “NIR-2” (a second NIR) (Fig. 2).  WV-2’s multispectral spatial 
resolution is approximately 2.0 m.  WV-2 is capable of rapid retargeting and high off-nadir imagery collection
 
[3].  
This allows the satellite to collect a multi-angle image sequence of a single target, accumulated over a short period 
of time from a large variety of observation angles
 
[3].  This research uses 39 images, collected at ten second 
intervals (over approximately a six minute period). 
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A number of data preparation steps were required before depths could be determined.  Images were first mosaicked 
and analyzed for overall quality and cloud cover.  The scenes are fairly cloudy over the nearby Waimanalo Beach, 
so we have focused on the Kailua Bay area.  Images range from mean satellite elevation values of 24.9 degrees 
(most forward-looking), to 77.8 degrees (most nadir), and back to 24.7 degrees (most backward-looking) (Fig. 3).  
Data were processed as follows: Image data received in latitude/longitude map projections were converted to UTM, 
WGS84.  Radiance calibrations were run and images were converted into reflectance using Fast Line-of-sight 
Atmospheric Analysis of Spectral Hypercubes (FLAASH) software [4].  Data were subsetted (chipped) to focus on 
the water off of Kailua Bay.  The image chips were registered to the most nadir image (Fig. 4).  A land mask was 
created for the scene (no clouds or cloud shadows are present), and to de-glint the images
 
[5].  A band ratio
 
[6] was 
then used to calculate depth from the Green/Yellow bands.  Results for the two images are compared in Fig. 5.  
Here, the data have been divided into shallow/deep water classes, based on some fairly dramatic differences between 
the two water depth populations.  Estimated depth is shown on the left side of Fig. 6.  The right side of Fig. 6 shows 
the ratio of the depth estimate for the two different images.  At this stage, most of the differences appear to be 
caused by difference in glint between the images, pointing towards a need for a more effective glint removal 
approach. 
 
       
Fig. 3. Mean satellite elevation values of 24.9 degrees (left), to 77.8 degrees (middle), and back to 24.7 degrees (right). 
 
    
Fig. 4.  Most nadir view (left) and the most forward-looking view registered to the most nadir view (right). 
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Fig. 5. Estimated depths using the band ratio method using the WV-2 Green and Yellow bands. 
Red represents deep water and blue represents shallow water. 
 
    
Fig. 6. Extracted relative bathymetry values (not yet converted out of natural log and into units) (left) and depth ratios (right). 
 
4. Initial Results 
 
The goal of this research is to analyze the effects of collection geometry on water depth calculations.  WV-2’s Green 
and Yellow bands are known to be beneficial when determining depth
 
[7]. 
Initial results show differences in reflectance between the most nadir and other images.  We have not determined  
yet, however, whether this is a result of bi-directional reflectance distribution (BDRF), errors in the models, or 
another reason entirely. 
 
5. Future Work 
 
Next steps include application of the depth estimation approach to the full 39-image multi-angle dataset, extensions 
to progressively less clear water, and application to different geographic locations.  Once images have been used to 
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